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COMPOSITE RELATIONSHIP BETWEEN S194 ANTENNA 
TEMPERATURE AND SOIL MOISTURE 

The S194 antenna temperatures have been correlated with 
the measured soil moisture content in the test sites for 
Skylab 2 and Skylab 3 (see December 1973 and January 1974 
progress reports) . The correlation coefficients showed that 
the soil moisture from the surface to a depth of one inch 
gave the best relationship with the S194 antenna temperatures. 
All 185 data points for the five sets of Skylab data have 
been combined and plotted as shown in Figure 1. The cor- 
relation coefficient is -0.97. In Figure 1, the x co-ord- 
inate values represent the soil moisture content and y 
coordinate values are the changes in S194 antenna temperature. 
The (*'s) and (+'s) in the scatter diagram are computer 
plots of the best fitting curve. 

The theoretical and one set of the experimental results 
were expressed as the relationship between soil moisture 
content and brightness temperature in the second-degree 
polynomial (see January progress report) . Figure 2 compares 
the regression line obtained from the five combined data 
sets with the calculated curves. Although there are large 
differences between the two,S194 data agrees with other 
experimental data as shown in the January Progress Report. 

In Figure 2, the expected curves were plotted from theoretical 
calculations based on a ground temperature of 80°F, which 
was very close to the average temperature of the 5 sets of 
experimental data. 
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SOIL MOISTURE PREDICTION ACROSS THE 
UNITED STATES FROM S194 DATA 

Several flights of Skylab have provided S194 antenna 
temperatures across the United States. These data were used 
to predict the distribution of soil moisture along the 
flight track using the best fitting second-degree polynomial 
from Figure 1. The equation resulted from the combination 
of five sets of data relating soil moisture to antennae 
temperature obtained over sites in Kansas and Texas. The 
equation is: 

SM= 567.15 - 3.9567AT + 0.00693AT 2 
where SM is the predicted soil moisture in percentage by 
weight and AT is the S194 antenna temperature in °K. By 
inserting average air temperature (T) of the samples, the 
equation is modified into: 

SM = 567.15 - 1187.01^+ 623. 7(-^r) 2 
This equation was used to predict the distribution of soil 
moisture across the United States along the SL3 track for 
August S, 1973 (Map 1). The air temperature was estimated 
'from climatological data of the Environmental Data Service, 
NOAA. The location (No.), S194 antenna temperature (AT), air 
temperature (T) and predicted soil moisture content (SM) are 
listed as Table 1. Since the regression equation was cal- 
culated using soil moisture ranging from 1% to 361 by weight, 
this equation is useful for land only. Thus, the predicted 
soil moisture at locations 1-5 and locations 526-530 is in 
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error because the S194 antennae temperature is responding to 
portions of the Pacific Ocean and Gulf of Mexico. The 
estimated soil moisture is within a few percent of the measured 
values where data are available for comparison in the central 
United States. 


SUMMARY OF SIGNIFICANT RESULTS 

Data from five Skylab passes were combined to give a 
composite relationship between the S194 antennae temperature 
and soil moisture content in the surface to one inch layer. 
The five data sets were comparable and resulted in a 
correlation coefficient of -0.97. The regression equation 
was used to predict soil moisture content across the United 
States for one particular pass on August 5, 1973. 
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255.20 

295,94 

7.35 

350 

272.10 

297,60 

3.25 

239 

245.30 

292,60 

10.14 

299 

255.20 

296.49 

• 7.53 

359 

271.10 

297.60 

3.41 


- ,t4 



No 

AT 

T 

SM 

No 

AT 

360 

270.20 

296.16 

3,66 

420 

263.70 

361 

270.20 

298,16 

3 * 66 

421 

263.70 

362 

270.20 

293,16 

3 . 66 

422 

261.80 

363 

2f 9 . 2 0 

298.16 

3,66 

423 

261.80 

36 4 

260.30 

29S. 16 

4.05 

424 

263.70 

365 

267,40 

298 , 16 

4.25 

425 

263.70 

366 

267*40 

298.16 

4.25 

426 

260.00 

367 

266.40 

293.16 

4.46 

427 

260.00 

369 

266,40 

298.16 

4.46 

420 

260.00 

369 

265.40 

298.16 

4.73 

4 29 

260.00 

370 

265.50 

298.16 

4.71 - 

430 

260.00 

371 

263.60 

298.16 

5.22 

431 

2b 8 . 10 

372 

26 3 .60 

298.16 

5.22 

432 

257.20 

373 

26 3 . 60 

298.16 

5.22 

433 

257.20 

374 

263.60 

293.16 

5,22 

434 

257,20 

375 

262.70 

298.16 

5.46 

435 

257.20 

376 

260.80 

298.16 

6,07 

436 

257.20 

377 

260.90 

298,16 

6.03 

437 

257.20 

378 

26 0.90 

298.16 

6,03 

430 

257.20 

379 

260.90 

- 293.72 

6,19 

439 

257.20 

330 

260.90 

298.72 

6.19 

440 

257.20 

331 

26 0.90 

298,72 

6,19 

441 

257.20 

362 

26 0.90 

298.72 

6.19 

442 

' 257.20 

333 

260.90 

290,72 

6.19 

443 

257,20 

334 

260 .90 

290.72 

6.19 

444 

257.20 

335 

260.90 

298,72 

6.19 

445 

257.20 

386 

260,90 

298.72 

6.19 

446 

257.20 

387 

260.00 

290,72 

6.49 

447 

257.20 

333 

260.00 

298,72 ' 

6.49 

440 

257.20 

389 

257.20 

298,72 

7,49 

449 

257.20 

390 

' 2 b' 7 , 2 0 

298.72 

7.49 

450 

257.20 

39i 

257.20 

298 , 72 

7.49 

451 

254,30 

392 

257.20 

298,72 

7,49 

452 

254.30 

393 

259.00 

298.72 

6.64 

453 

254.30 

394 

2b 9 . 00 

298.72 

6.04 

454 

254,30 

395 

2b9. 00 

298,72 

6.54 

455 

254.30 

396 

2b9. 00 

298,72 

6.54 

456 

254.30 

397 

259 . OO 

298.72 

6.64 

457 

253.40 

393 

2b 8 , 1 0 

290.72 

7.16 

450 

253.40 

39 9 

257.20 

298.72 

7.49 

459 

253.40 

400 

257.20 

298,72 

7.49 

460 

253. 40 

401 

257.20 

298.72 

7-49 

461 

253.40 

402 

259.00 

29Q.72 

6,84 

462 

253.40 

403 

259,00 

298.72 

6.84 

463 

252.50 

4 Q 4 

259.00 

290,72 

6.84 

464 

252.50 

4 05 

260.00 

298,72 

6.49 

465 

252.50 

40 6 

260.00 

298.72 

6.49 

466 

252.50 

407 

260. 9U 

298,72 

6,19 

467 

252.50 

403 

261.00 

290,72 

5,90 

468 

252.50 

409 

261.30 

298,72 

5.90 

469 

252.50 

410 

261.30 

298.72 

5 , 9U 

470 

253.40 

411 

261 . ao 

296.72 

5.90 

471 

255.30 

412 

263.70 

298,72 

5.33 

472 

255.30 

413 

263. 70 

298.72 

5.33 

473 

255.30 

414 

263.70 

298.72 

5.33 

474 

255.30 

415 

263.70 

293.72 

5.33 

475 

255. 3U 

416 

263.70 

298.72 

5,33 

476 

258.10 

417 

263,70 

298.72 

5,33 

477 

258.10 

418 

263.70 

298.72 

5,33 

470 

258.10 

419 

263.70 

298.72 

5.33 

479 

258.10 


(I 


T 

SM 

No 

AT 

T 

SM 

298.72 

5.33 

4 90 

26 0 

.90 

298.72 

6*19 

298.72 

5.33 

481 

260 

.90 

298,72 

6.19 

298.72 

5. 90 

482 

260 

. 90 

290,72 

6.19 

298,72 

5.90 

483 

26 0 

.90 

298.72 

6.19 

293.72 

5.33 

484 

260 

.90 

298,72 

6.19 

298,72 

5.33 

405 

260. 

.90 

298,72 

6.19 

290,72 

6,49 

486 

26 0. 

.90 

290.72 

6.19 

290.72 

6.49 

487 

26 0. 

.90 

29Q.72 

6.19 

290.72 

6.49 

409 

261 , 

.80 

298,72 

5,90 

298,72 

6,49 

489 

261, 

.30 

298,72 

5.90 

298.72 

6.49 

490 

261, 

,80 

298.72 

5*90 

290.16 

6.99 

491 

261, 

.80 

293,72 

5.90 

298,16 

7.31 

492 

261, 

.80 

290,72 

5.90 

298.16 

7.31 

493 

' 261, 

.30 

298. 72 

5.90 

298,16 

7.31 

4 94 

261, 

.80 

290,72 

5,90 

290.16 

7.31 

495 

261, 

,80 

298,72 

5.90 

298.16 

7.31 

496 

261, 

.80 

293.72 

5-90 

298,16 

7.31 

497 

261, 

.80 

298,72. 

5.90 

295.16 

7.31 

498 

261, 

.80 

290.72 

5.90 

298.16 

7.31 

499 

261 , 

.80 

290.72 

5*90 

298.16 

7.31 

5 00 

262, 

.80 

298.72 

5,60 

298,16 

7.31 

501 

262. 

.00 

298.72 

5.60 

298.16 

7,31 

502 

26 2. 

, 00 

293.72 

5.60 

293.16 

74 31 

503 

262. 

,80 

298,72 

5.60 

298,16 

7.31 

5 0 4 

261. 

,9a 

293.72 

5.90 

293.16 

7.31 

505 

261, 

,80 

293,72 

5.90 

298,16 

7.31 

506 

261. 

,80 

290.72 

5,90 

298,16 

7.31 

507 

2b 9 , 

, DO 

298.72 

6.34 

298,16 

7.31 

508 

2b 9 , 

,U(J 

290.72 

6.04 

298,16 

7.31 

509 

2b9. 

, OO 

298.72 

6.84 

290, L 6 

7.31 

5l D 

2b9 . 

, 00 

298,72 

6.04 

290,16 

8.45 

511 

2b 7 . 

,2a 

298,72 

7.49 

290,16 

8.45 

512 

2b 6 , 

20 

298,72 

7.8B 

298.16 

8.45 

513 

253 . 

40 

298.72 

9,03 

299,16 

8.45 

514 

253. 

40 

298.72 

9. g3 

290,16 

8.45 

515 

250 . 

60 

298,72 

10.29 

290,16 

8.45 

516 

2 4 6. 

00 

290.72 

12.10 

290.16 

0.83 

517 

246 . 

80 

293.72 

12*13 

290,16 

8.63 

518 

24Q . 

60 

290.72 

15,70 

290.16 

8.03 

519 

2 3 9. 

30 

298.72 

16.50 

290,16 

8.03 

520 

23 3. 

7 o 

298.72 

20.24 

299,16 

0.03 

521 

230. 

90 

298.72 

22*23 

290.16 

8 . 03 

522 

224. 

3D 

298.72 

27.50 

298.16 

9.22 

523 

220. 

60 

298.72 

30,70 

290.16 

9.22 

524 

214. 

00 

298,72 

36,80 

298.16 

9.22 

525 

219. 

30 

290.72 

41.65 

298.16 

9.22 

526 

2c 2 . 

80 

298.72 

40.75 

290.16 

9.22 

527 

19 7. 

20 

298.72 

55.35 

298.16 

9.22 

528 

190. 

60 

298.72 

63,69 

296.16 

9.22 

529 

182, 

20 

298.72 

75.18 

290,16 

0.03 

530 

175, 

60 

290.72 

84.90 


298.16 3. 05 

298.16 0. 05 

256.16 a. 05 

298.16 0. 05 

298.16 8. 05 

298.16 6.9V 

290.16 6.99 

296.72 7.16 

298.72- 7.16 



